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ON THE DIURESIS FOLLOWING ETHER NARCOSIS.*

P. B. Hawk.

(Professor of Physiological Chemistry
,
University of Illinois.)

{From the Laboratory of Physiological Chemistry of the Departmentff Medicine of the

University of Pennsylvania.)

I. INTRODUCTION. — There are many references in

medical literature to the influence which anesthetics exer

upon the flow of urine. In the case of ether these references

are almost unanimous in reporting a more or less pronounced

retention of urine following anesthetization. Tait 1 reports

that in operating upon a case of urinary fistula the flow of

urine from the two fistular orifices entirely stopped and no

urine was excreted until the patient had almost regained

consciousness. The author does not mention the length of

the period of anesthesia, but states that the experience was

confirmed by a second trial and that he was therefore

forced to operate without ether. Kemp 2 determined the

influence of ether narcosis upon the rate of urine flow in

dogs. He tied a small glass cannula into the ureter leading

from one kidney and enclosed the other kidney in an

oncometer. This investigator found an early progressive

diminution in the flow of urine from the ureter and finally

under long continued etherization a complete suppression of

the flow was noted. Under the influence of chloroform

anesthesia the renal secretion remained copious in amount

and diminished only as the depression of the circulation

became pronounced. The flow of urine following the

administration of alcohol-chloroform-ether mixture was more

copious than that observed after the induction of ether

narcosis, but less in amount than the output of urine under

* Received for publication Jan. 20, 1908.
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the influence of chloroform anesthesia. Seelig 3 as the

result of experiments upon lower animals came to the con-

clusion that protracted ether anesthesia caused a diminution

in urine flow and that sometimes only a few drops of fluid

were secreted in the course of several hours. Goll 4 came to

a somewhat similar conclusion. Hawk and Gies 5 observed

that after ether-chloroform anesthesia for about two hours a

period of five to six hours elapsed before the first urine was

voided. This primary urine retention was immediately

followed, however, by a stimulation sufficient to cause the

output of urine for the twenty-four-hour period following the

narcosis to be considerably above normal. Fueter
,

6 as

the result of observations made upon clinical cases and upon

dogs, claims that the urine flow was only slightly influenced

and never decreased as a result of ether anesthesia, even when

the anesthetic was administered for periods of two and one-

half hours. Buxton 7 states that ether narcosis increases the

secretions with perhaps the exception of that of the kidneys.

This paper records the data from the second of a series of

observations made upon the influence of ether narcosis
;
the

first article treating of its influence upon the excretion of

nitrogen will appear in a forthcoming number of the

Journal of Biological Chemistry. During the course of an

investigation made at the College of Physicians and

Surgeons, New York, in collaboration with Professor Gies
,

8

the idea of making a thorough study of the various phases

of ’the influence of ether anesthesia upon metabolism in

general, as well as upon the hemoglobin content and the

morphological constituents of the blood of well nourished

and of fasting animals following such anesthesia, was

suggested. A report has already been made of a few of

the points in connection with our general investigation .
9

The purpose of the experiments discussed in the present

article* was to determine the diuretic influence of ether

narcosis as well as to study the alterations in the body

weight of the animal and the changes in the specific gravity

* These data were collected from the same general series of experiments which

furnished the data for the forthcoming article upon the influence of ether anesthesia

upon the excretion of nitrogen.
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and the reaction of the urine as influenced by such narcosis.

Anesthesia was induced for periods ranging in length from

one-half hour to four and one-half hours. Each experiment

was divided into three periods: a preliminary period, during

which the animal was fed the proper diet to secure nitrogen

equilibrium; an anesthesia period, in which ether was

administered for a definite length of time (one-half hour to

four and one-half hours) and its influence noted
;
and a

final period, which served to again bring the animal into a

condition of nitrogen equilibrium. Inasmuch as a series of

experiments were frequently made upon the same animal, it

was convenient, under such conditions, to use the final days

of one experiment as the preliminary period of the next
t

experiment. In Experiment III. anesthesia was induced

for periods of one hour, two hours, and three hours

respectively, on three consecutive days. This was done to

determine any possible cumulative effect of the ether and of

course according to the conditions of the experiment it was

impossible to get the subject into nitrogen equilibrium

between the one and two hour or between the two and

three hour anesthesia periods.

Squibbs’ ether was used as the anesthetic throughout the

investigation.

II. Description of experimental plan, etc. — A
series of nine experiments were conducted upon four dogs

as subjects, the animals ranging in weight from 6.53 kg. to

10.18 kg. The dogs were confined in cages especially

constructed for use in metabolism experiments where an

accurate collection of excreta is desired. 10, 11 They were fed

a suitable, accurately weighed, uniform diet (see Table I.)

until nitrogen equilibrium was reached, the actual collection

and analysis of excreta being preceded in each instance by

several days of preliminary feeding. At the point where the

data from the analyses of the food and the excreta indicated

that the dog had reached a condition of nitrogen equilibrium

the animal was placed under the influence of ether for a

definite period. The diuretic effect of the anesthetic was

then observed for a certain length of time following narcosis
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and data were also collected relative to the changes in the

body weight of the animal as well as in the specific gravity

and reaction of the urine under these conditions.

Table I. Daily diet.

Beef. Cracker Dust. Lard. Bone Ash. Water.
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1 05 352 3.696 20 2.01 0.402 10 .022 .002 4 .02 .001 250

Dog No. 2... 120 3-52 4.224 40 2.01 0.S04 i 5 .022 .003 5 .02 .001 300

Dog No. 3. .

.

i 7S 3-52 6.160 50 2.01 1.005 18 .022 .004 6 .02 .001
!

400

Dog No 5. .

.

*55 352 5-456 40 2.01 0.S04 18 .022 .004 6 .02 .001 350

During the preliminary period of each experiment the

urine was collected in twenty-four-hour samples, the day end-

ing at 5 P.M. After the administration of the ether, however,

the urine of the animals was collected, for periods ranging

in length from twenty-four to seventy-two hours, in fractions

as normally voided, and each individual fraction analyzed.

In investigations such as the present study embraces, the

author prefers the method of collecting the urine as nor-

mally voided by the animal 12
in preference to the custom of

removing the urine by catheterization. It of course entails

considerable labor to collect each individual fraction of urine

voided by an animal during twenty-four to seventy-two

hours following the administration of the anesthetic and to

submit each of these fractions to chemical analysis, but this

procedure has, however, appealed to the author as being the

most satisfactory way of obtaining conclusive data regarding

the influence of the narcosis. Moreover, this plan of urine

collection undoubtedly tends to increase the accuracy of the

deductions.

The experimental day ended at 5 P.M. and therefore all

urine passed after 5 P.M. any day will be mentioned in the

record as being excreted on the following day. An example

is seen in Experiment VII. in which the fraction having a
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volume of forty-four cubic centimeters, which is recorded as

the first fraction voided on the fourth day, was passed at 7

p.M. of the third day, just two hours after the beginning of

the experimental day, and further the fraction having a vol-

ume of seventy-two cubic centimeters, which is recorded as

the second fraction of the fourth day, was in reality excreted

on the third day, at 11.20 P.M. The determinations of the

nitrogen content of foods, feces, urine, etc., were made by a

modification of the Kjeldahl method which includes the

preliminary digestion of the material by means of sulphuric

acid and cupric sulphate.13

The diet of the dogs consisted of beef, cracker dust, lard,

bone ash, and water, the body weight of the animal being

the principal factor in determining the size of the ration at

the beginning of the preliminary feeding. In some instances

the ration, as calculated for an animal on the basis of the

body weight, was shown by the data from the preliminary

feeding tests to be inadequate to secure nitrogen equilibrium

and in such instances the diet was properly modified in

order to bring the subject into a suitable condition for

metabolism work. Meat is, of course, the most important

constituent of the dietary of a dog, and since it is of such

importance great care was exercised in the preparation and

preservation of the beef fed during this series of experi-

ments. A large amount of the beef was purchased at one

time, and after removing the major part of the fat and

connective tissue and hashing the lean portion in a meat

grinder, the juice was thoroughly expressed by means of a

tincture press. 14 This juice-free meat was then very inti-

mately mixed and after taking samples from various portions

of the mass for chemical analysis, the remaining beef was

wrapped in paraffine paper sheets of suitable size, pressed

into the form of cakes about three-fourths of an inch in

thickness, and these cakes transferred to large museum jars

which were then sealed and placed in cold storage. The
beef froze in a short time, but the paraffine paper prevented

the cakes from freezing to each other or to the surrounding

glass. The individual cakes could be easily removed, there-

fore, and when needed for use the desired quantity of beef
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was accurately weighed and the unused portion of the cake

was returned to the jar in its original paraffine paper wrap-

per. Beef prepared and preserved as just described was

shown, by chemical analysis, to be practically unaltered in

nitrogen, sulphur, and phosphorus content after having been

in cold storage about four months.15

Throughout the investigation all urine samples were col-

lected in twenty-four-hour periods with the exception of the

twenty-four to seventy-two hours immediately after the

administration of the anesthetic, during which period

the individual fractions of urine were • collected as voided.

Powdered thymol was used as a preservative, and as a further

precaution the urine samples were kept in a cool place until

all analytical data had been carefully checked. The feces

was removed from the cage as soon as passed and the fresh

weight of the stool was then determined. The fecal mass

was now carefully dried below ioo° C., and after determining

the weight of the dry material this was carefully powdered

and an aliquot portion taken for the preparation of a com-

posite sample. The feces for the preliminary, anesthesia,

and final periods was subjected to separate chemical analysis.

Every day at 5 P.M. when the dogs were fed, the hair, scurf,

and feces powder were brushed from the bottom of the cage,

the hair was then finely divided by means of scissors, the short

pieces intimately mixed with the scurf and feces powder and

the mixture subjected to analysis, after having been carefully

dried at about IIO0 C. In experiments of this character,

which are continued through long periods of time, a small

amount of urine will dry upon the metal sides and bottom of

the cage, together with hair, scurf, and particles of feces.

These excreta must be taken into consideration in the prep-

aration of the balance of income and outgo, and therefore it

was customary in our investigation to wash the metal portions

of the cages very thoroughly at the end of each experimental

period and, after filtering off the solid portions (feces, hair,

scurf), to make up the wash water to a definite volume and

analyze it in the usual way. The material removed by filtra-

tion was added to the material brushed from the pan and

manipulated as already indicated.
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III. Experimental data. — i. Discussion of Experiment I.: A
brown bitch weighing 6.53 kg. served as the subject of this experiment.

The preliminary period of the experiment extended over four days, during

which time the daily excretion of nitrogen ranged from 3.16 grams to

4.26 grams. The nitrogen balance for the period showed an average

daily loss of but .03 gram, a condition eminently satisfactory under which

to begin the study of the influence of ether narcosis. Therefore on the

morning of the fifth day of the experiment the animal was subjected to

ether anesthesia from 9.07 o’clock to 10.07 o’clock, a period of one hour.

In the preliminary anesthesia the beast struggled rather more strenuously

than is generally the case. During the semi-unconscious condition fol-

lowing deep anesthesia the dog was observed to tremble violently, the

trembling continuing for more than an hour after the beast regained com-

plete consciousness.

By an examination of Table II. it may be seen that the average daily

urine volume for the preliminary period of four days was two hundred

and forty-three cubic centimeters, whereas the average daily volume for

the day on which the animal was placed under ether and the following

day was two hundred and ninety-eight cubic centimeters, an increase of

fifty-five cubic centimeters or 22.6 per cent over the daily average for the

preliminary period (see Table III., p. 21 1). This diuretic effect was

observed on only one day (8) after this time, but the diuresis was suffi-

cient to cause an average daily volume of two hundred and sixty-nine

cubic centimeters for the entire experiment, exclusive of the preliminary

period. This represents an increase of twenty-six cubic centimeters or

10.7 per cent above the daily average for the period preceding the admin-

istration of the anesthetic. Notwithstanding the fact that the ether evi-

dently had a diuretic influence, which was indicated as has already been

mentioned by an initial increase of 22.6 per cent in the urine output and

an average daily increase of 10.7 per cent for the entire period thereafter,

it is interesting to note that the immediate influence of the anesthetic was

to cause a retention of urine, which was indicated by the fact that the

first urine passed after anesthesia was not voided until the lapse of about

nine hours.

The body weight of the animal was reduced from 6.43 kg. to 6.28 kg.

upon the day of the anesthesia. This loss of .15 kg. cannot be con-

sidered as due entirely to the influence of the anesthetic since the animal

was losing weight at the rate of .025 kg. at the time anesthesia was

induced. After correcting for this normal rate of loss in body weight

shown by the dog during the preliminary period we may justly consider

the remaining loss of one hundred and twenty-five grams, or approxi-

mately two per cent, to have been due to the specific influence of the

anesthetic. The maximum loss in body weight following anesthesia was

.28 kg., which was reached on the eighth day of the experiment. Cor-

recting for the normal loss of body weight observed in the preliminary

period, the loss for the four days aggregated .18 kg. or 2.8 per cent.
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The reaction of each fraction of urine passed throughout the experiment,

with the exception of the first two fractions passed after anesthesia, was

acid, whereas the reaction of the two fractions mentioned was amphoteric

The specific gravity of the urine during the preliminary period ranged

from 1015 to 1019. During the day of anesthesia, however, the specific

gravity was raised to 1020 for each fraction of urine, whereas the urine

samples of the succeeding days possessed rather lower average specific

gravities (1015-1017) than those of the preliminary period.

2. Discussion of Experiment II. : The subject of this experiment was

the bitch which was used in Experiment I., the body weight of the animal

now being 6.18 kg. She excreted an average of 3.67 grams of nitrogen

daily during the preliminary period, the nitrogen balance indicating a

daily loss of .05 gram. At this point the beast was again placed under

the influence of ether, the narcosis continuing from 9.31 a m. to 11.31

a m., a period of two hours or double the length of the anesthesia period

of Experiment I. In this instance the violent trembling, which was so

apparent the first time the animal was anesthetized, was not especially

noticeable although the period of anesthesia was one hundred per cent

longer.

The average daily output of urine for the preliminary days was two

hundred and thirty-seven cubic centimeters or only six cubic centimeters

less than the~average for the preliminary period of the first experiment.

This average volume, however, was increased for the day of anesthesia

and the day following to two hundred and seventy-nine cubic centimeters,

an increase of forty-two cubic centimeters or 17.7 per cent over the

preliminary average (see Table III., p. 2 1
1
) . It will be remembered that

this volume of two hundred and seventy-nine cubic centimeters was nine-

teen cubic centimeters lower than the volume excreted upon the day of

anesthesia and the day following in the first experiment (two hundred and

ninety-eight cubic centimeters). However, the ultimate diuretic effect

was more pronounced under the influence of the two-hour anesthesia

period than under the one-hour period, as was indicated by the fact that

the average daily urine volume for the seven days following the preliminary

period of Experiment II. was two hundred and eighty-six cubic centi-

meters or seven cubic centimeters per day greater than the average

volume for the day of anesthesia and the following day, whereas the

average daily urine volume in Experiment I. was only two hundred and

sixty-nine cubic centimeters. The diuresis was therefore more persistent

in Experiment II. Calculating upon the basis of two hundred and thirty-

seven cubic centimeters as the normal output for this dog per day, we find

that the diuretic effect of ether anesthesia induced for a period of two

hours was to cause an average daily increase of forty-nine cubic centi-

meters or 20.7 per cent in the volume of urine excreted, whereas the total

loss of water to the organism for this period aggregated three hundred and

forty-three cubic centimeters. Thus the ultimate influence of the two

hours of anesthesia was to cause the output of urine to assume a

permanently high level, whereas the influence of the one hour of
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anesthesia was to cause an increased urine volume for the day of anesthesia

of approximately the same magnitude as that secured under the influence

of ether narcosis for two hours, but this output was the maximum daily

-output for the experiment and the average daily volume gradually

diminished until the experiment ended. The same delayed excretion of

urine was noted in this experiment, following the anesthesia, as was

observed in the first experiment. In the present instance about seven

hours elapsed between the termination of the anesthetic state and the

voiding of the first fraction of urine.

The body weight of the subject was constant during the preliminary

period. Following the administration of the anesthetic, however, an

immediate drop from 6.18 kg. to 6.06 kg., a loss of .12 kg., was

registered. Thus a loss of 1.9 per cent was occasioned by the two-

hour period of anesthesia. The body weight of the animal remained

practically constant at the new level for the two succeeding days and then

slowly sank to 5 96 kg., which level was reached on the seventh day

of the experiment. The maximum effect of the anesthesia upon the body

weight of the animal was therefore to cause a total loss of .22 kg. or

3.5 per cent. This loss extended through a period of five days and over

fifty per cent of the loss occurred upon the day the animal was anes-

thetized. Comparing the influence of one hour of anesthesia with the

influence of anesthesia extending through a period of two hours, we note

that the former caused a total loss of body weight aggregating .18 kg.

or 2.8 per cent, whereas the latter caused the somewhat larger loss

of .22 kg. or 3 5 per cent.

The specific gravity of the urine for the preliminary period was

1017, whereas the specific gravity of the first fraction of urine

passed after anesthesia was 1030, the normal specific gravity of 1017

being assumed for the second fraction of urine. Each of the urine

fractions voided after this time for the succeeding five days of the

experiment possessed a specific -gravity somewhat lower (1013-1016)

than that of the urine voided during the preliminary period. This

is accounted for by the increased volume of urine during this period

In contrasting the data from the first and second experiments we
see that the two-hour period of anesthesia caused an increase from

1017 to 1030 in specific gravity in the first fraction of urine passed after

the animal had regained consciousness, whereas narcosis for one hour

caused an increase to 1020. In common with Experiment I. we here

observe that the only urine fractions possessing other than an acid

reaction are those two fractions first voided after the animal had

regained consciousness, and further, as in the first experiment, these

urines were amphoteric in reaction.
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3. Discussion of Experiment III. : In this experiment the brown

bitch which had already served as the subject in Experiments I. and II.

was subjected to a third period of anesthesia. Through the influence of

the previous administrations of the ether her body weight had been

reduced to 5.96 kg. In the first two experiments, as we have already

seen, there was but a single anesthesia period and the anesthetic was

administered when the dog was in a condition of nitrogen equilibrium. In

this third experiment, however, there were three periods t>f narcosis, i.e .,

the animal was placed under the influence of ether at three different

times on as many consecutive days, no attempt being made to secure

nitrogen equilibrium between the various anesthesia periods. The plan

was to get the animal into nitrogen equilibrium, then induce anesthesia

for a period of one hour, this to be followed after twenty-four hours by an

anesthesia period of two hours 1 duration and this in turn, at the end of

another twenty-four hours’ time, to be followed by a third application of

the anesthetic through a period of three hours. It is plainly evident that

in subjecting the same animal to ether narcosis for periods of varying

lengths on three consecutive days, we were producing anesthesia at the -

second and third administrations of the anesthetic in an organism which

had not yet fully recovered from the influence of the previous narcosis

especially as regards the diuretic effect of the ether and the accompanying

excretion of nitrogen. It was hoped, by the above procedure, that

interesting data concerning the cumulative effect of the ether might be

secured. The nitrogen balance for the preliminary period showed a daily

loss of .10 gram. On the third day of the experiment the animal was

subjected to ether anesthesia for one hour, i.e., from 9.32 a.m. until 10.32

a.m., the beast being etherized with less difficulty than in either of the

preceding experiments. On the fourth day of the experiment she was

etherized from 10.04 a.m. to 12.04 P M * and on the fifth day she was

under the influence of the anesthetic from 9.05 a m. until 12.05 P -M -

Following this last narcosis the beast slept practically the remainder of

the day.
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During the preliminary period of the experiment, as may be seen by an

examination of Table V., the average daily urine volume was two hundred

and seventy-nine cubic centimeters. Under the diuretic influence of the

ether, however, this volume was increased to three hundred and thirty-five

cubic centimeters upon the day the animal was placed under ether for one

hour, this being an increase of fifty-six cubic centimeters or 20.1 per cent.

Following the two-hour period of anesthesia on the next day, the volume

still remained high (two hundred and ninety-four cubic centimeters) and

reached a maximum of three hundred and thirty-seven cubic centimeters

upon the fifth day of the experiment when the animal was placed under

ether for a period of three hours
;
the increase for this day was fifty-eight

cubic centimeters or 20.8 per cent. The combined effect of the six hours

of anesthesia distributed, as noted, through three consecutive days was

therefore to cause a diuresis represented by the increased excretion of one

hundred and twenty-nine cubic centimeters of urine during the three-day

period. This represented an average daily increase of forty-three cubic

centimeters or 15.4 per cent. An examination of Table V. will show the

interesting fact that the diuresis of the days of anesthesia .was exactly

compensated during the next four days. The data there tabulated show

that the average daily urine volume for those four days was only two hun-

dred and forty-nine cubic centimeters, and further that the average daily

output of urine for the seven days after the preliminary period was two

hundred and eighty cubic centimeters, or but one cubic centimeter in

excess of the average daily volume for the preliminary period. It is

therefore evident that the diuretic effect of the six hours of anesthesia

caused a considerable immediate increase in the volume of urine elimi-

nated, but that this influence was entirely counterbalanced by the uniformly

low average daily output of urine for the succeeding four days. An
examination of the data for this experiment reveals the further interesting

fact that there was apparently a second well-marked diuresis which began

on the tenth day of the experiment (the fifth day after the final adminis-

tration of the anesthetic) and increased for a period of three days, yield-

ing the maximum excretion for Experiments I., II., and III. (three

hundred and seventy-two cubic centimeters) upon the twelfth day of the

experiment. From this point the average daily volume sank fairly

regularly until the close of the experiment. This diuresis which culmi-

nated upon the twelfth day of the experiment with an output of three

hundred and seventy-two cubic centimeters for that day caused an

average daily output of three hundred and thirty-nine cubic centimeters of

urine per day for a period of three days. It was therefore a more pro-

nounced diuresis than that which occurred coincidently with the anesthesia

periods, inasmuch as the immediate diuretic influence of the six hours

anesthesia was represented by an increase of 15.4 per cent in the average

daily urine volume, whereas this recurrent diuresis of days ten to twelve

represented an average daily increase of 21.5 per cent. As has been

noted, the diuresis continued with slightly lessened force until the end of

the experiment, its aggregate effect being represented by an increase of
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three hundred and fifty cubic centimeters in the volume of urine excreted,

all of which excess may be considered to have been excreted under the

influence of the secondary diuresis which began on the tenth day ot

the experiment, since the* average daily volume of urine for the first seven

days after anesthesia was practically the same as the average daily volume

for the preliminary period.

During the preliminary period the body weight of the animal showed a

tendency to increase somewhat (.02 kg. per day). Upon the administra-

tion of the ether for a period of one hour, however, the body weight

immediately dropped from 5.98 kg. to 5.83 kg., a decrease of .15 kg. or

2.5 per cent. The following day under the influence of anesthesia for a

period of two hours, the body weight of the beast suffered a further

decrease to 5.66 kg., a decrease of .17 kg. or 2.9 per cent from the

weight as observed the previous day and a total loss of .32 kg. or 5.3 per

cent calculated upon the basis of the weight of the dog upon the day

preceding the first anesthesia. Since it is evident from all our experi-

ments that anesthesia causes a loss of body weight, one would naturally

expect the loss to be fully as great after an anesthesia period of three

hours’ duration as after one which continued for one hour or two hours.

However, an examination of the data in Table V. will show that such was

not the case in the experiment under consideration. The body weight of

the animal before the three-hour anesthesia period was 5.66 kg. and

decreased to 5.61 kg. under the influence of the anesthetic. Thus the

loss in body weight in this case was but .05 kg. or .9 per cent, a loss

which was the minimum loss produced by ether narcosis in any of the

experiments here reported. This emphasizes the possibility that there is
/

a more or less definite limit for the immediate loss in body weight which

may be brought about by the administration of the anesthetic and renders

it extremely probable that that limit was nearly reached as the effect of

the first and second period's of narcosis. Therefore when the animal was

subjected to the three-hour period of anesthesia the loss was less than it

had been in either of the other cases. The total loss of body weight for

the three days upon which ether was administered was .37 kg. or 6.2 per

cent of the weight during the preliminary period. There was a tendency

for the body to make good the loss in weight during the two days follow-

ing the narcosis, the weights for these days being 5 68 kg. and 5.65 kg.

respectively. This effort was apparently of no avail however, for loss of

weight continued in a fairly regular manner until the close of the experi-

ment, the weight for the final day being 5.39 kg. The total loss in body

weight for the fourteen days after anesthesia was .59 kg. or 9.8 per cent.

Correcting for the normal daily gain in body weight observed during the

preliminary period, the losses in body weight registered during the experi-

ment were as follows: Loss occasioned by one-hour anesthesia, .17 kg.

or 2.8 per cent, two-hours anesthesia, .19 kg. or 3.2 per cent, three-

hours anesthesia, .07 kg. or 1.2 per cent. The total loss for the three days

was .39 kg. or 6.5 per cent and for the entire fourteen days aggregated

.61 kg. of iq. 2 per cent,
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The specific gravity of the urine first passed after anesthesia was much
higher than the specific gravity of the urine of the normal period. In this

instance the specific gravity of the thirty-nine cubic centimeter fraction

of urine, passed about six hours after a one-hour*period of anesthesia, was

1042. This was the maximum specific gravity for the entire series of

experiments. In this connection it is very noteworthy that the second

urine fraction, voided after the one-hour period of anesthesia, possessed

the minimum specific gravity for the entire series of experiments. The
passage of two fractions of urine of such divergent densities so near

together was an extremely interesting phenomenon and illustrates very

strikingly the value of collecting the individual urine fractions as voided.

The decided drop in the gravity from 1042 to 1010 is easily explained in

this connection, however. The former fraction was passed at 4.30 p.m.,

just thirty minutes before the end of the experimental day. At 5 p.m. the

animal was fed the usual ration, including two hundred and fifty cubic

centimeters of water, and two hours later, at 7.30 p.m., she voided the

fraction of urine having the low specific gravity. The data concerning

these two specific gravities also serve to substantiate the belief that in

collecting the urine in fractions as voided we can generally be fairly

certain that the bladder is quite thoroughly emptied at the passage of each

fraction. Referring to the point in mind, it is more or less certain that,

had any considerable portion of the urine fraction having a specific gravity

of 1042 been retained in the bladder and voided with the succeeding frac-

tion, the specific gravity of this latter fraction would certainly have

been higher than 1010. Following this latter urine fraction one was

voided an hour later possessing a specific gravity of 1027. The first frac-

tion voided after the two-hour anesthesia period had a specific gravity of

1026, whereas the initial urinary excretion following the three-hour period

of narcosis possessed the slightly higher specific gravity of 1028. From
this point on to the end of the experiment the specific gravity of the

various samples of urine ranged, for the most part, from 1015 to 1017

inclusive.

The urine of the preliminary period possessed the normal acidity. This

acid reaction was replaced in the first urine fraction voided after anesthesia

for one hour, by an amphoteric reaction. All urine passed from this time

until after the two-hour anesthesia period was acid in reaction, with the

exception of the third fraction passed after one hour’s narcosis, which

possessed an amphoteric reaction. Why this amphoteric reaction should

recur at this point is not apparent. From this time until the first urine

after the two-hour period of anesthesia was voided the samples were acid

in reaction and at that time the usual amphoteric reaction recurred. The

amphoteric reaction was also possessed by the urine fraction first voided

after the three-hour anesthesia period. All samples of urine from this

point to two days before the end of the experiment were of normal acidity

and at that time the amphoteric reaction again recurred, for no apparent

reason.
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4. Discussion of Experiment IV. : A spotted bitch weighing 7.72 kg.

was used as s.ubject in this experiment. She excreted an average of 4.65

grams of nitrogen per day during the preliminary period, the balance for

the income and outgo of nitrogen showing an average daily loss of .07

gram. Upon the fourth day of the experiment proper the beast was sub-

jected to ether narcosis for a period of one-half hour, i.e
,
from 8.15 a.m.

to 8.45 a.m. She made a rapid recovery from the effect of the anesthetic

and twenty-five minutes after the close of the narcosis, i.e., at 9.10 a.m.,

she was apparently entirely free from any influence of the ether and as

bright and active as usual. This recovery was in very marked contrast to

that shown by the brown bitch in the first experiment.

The data in Table VI. indicate that the average urine volume for the

preliminary period was two hundred and ninety-eight cubic centimeters.

Contrary to the conditions obtaining in Experiments I., II., and III., the

urine volume for the day upon which ether was administered was only

two hundred and seventy cubic centimeters, or twenty-eight cubic centi-

meters less than the average daily output of the preliminary period. The
next day, i.e

,
the day after anesthesia, the volume of urine was three

hundred and sixty cubic centimeters, this being sixty-two cubic centi-

meters or 20.8 per cent above the daily average for the preliminary period.

The volume continued high for the next two days, registering three hun-

dred and ten cubic centimeters and three hundred and forty-four cubic

centimeters respectively. On the final day of the experiment the daily

volume sank slightly below normal (two hundred and eighty-five cubic

centimeters). Taking into consideration the whole of the experiment

after anesthesia, with the exception of the final day, we observe that the

average daily urine volume was three hundred and twenty-one cubic centi-

meters, a daily increase of twenty-three cubic centimeters or 7.7 per cent

above the normal. Ether narcosis for a period of one-half hour, there-

fore, caused an increase in the excretion of urine during the next four

days of ninety-two cubic centimeters or 7.7 per cent.

For a period of several days during the preliminary period the bitch lost

an average of .03 kg. per day, the weight of the animal being 7.66 kg.

at the time she was placed under the influence of ether for a period of

one-half hour. The effect of the anesthesia was to cause the body weight

to drop from 7.66 kg. to 7.44 kg., a decrease of .22 kg. or 2.8 per cent.

Correcting for the .03 kg. loss registered daily during the preliminary

period, the loss on this day was .19 kg. or 2.5 per cent. On the next

day there was a slight increase in weight notwithstanding the fact that

the urine volume was the maximum for the experiment. From this point to

the end of the experiment the dog gradually lost weight, the final weigh-

ing showing a body weight of 7.35 kg. Making the correction for the

normal daily loss observed during the preliminary period, we observe that

the one-half hour of ether anesthesia caused a loss of body weight during

the succeeding five days aggregating .16 kg. or 2.1 per cent.
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The specific gravity of the urine passed during the preliminary period

varied from 1017 to 1019. The specific gravity of the urine fraction first

passed after anesthesia, possessed a specific gravity of 1038, which was

next to the highest specific gravity noted up to this time. The next frac-

tion was of low specific gravity (1015), but on the following day at approxi-

mately the same hour on which the urine having the specific gravity of

1038 was passed, the dog voided a second fraction of about the same vol-

ume which had a specific gravity of 1026. All the fractions passed dur-

ing the remainder of the experiment ranged from 1015 to 1017. For the

first time, there was no change in the reaction of the urine under the

influence of the narcosis, the reaction remaining acid throughout the

experiment.

5. Discussion of Experiment V. : A dog weighing 10.18 kg. served

as the subject of this experiment. The nitrogen balance for the prelimi-

nary period showed a daily gain of .09 gram. Narcosis was induced upon

the fourth day of the experiment from 9 15 a.m. to 10.15 AM - A feature

of the preliminary anesthesia was the violent struggling and the profuse

salivation of the animal. Upon being returned to his cage after the

anesthetization it was 11.15 a.m. before he could stand.

During the preliminary period the dog voided an average of four hun-

dred and fifty- eight cubic centimeters of urine per day as may be seen

from an examination of Table VII. Upon the day the ether was adminis-

tered the diuretic influence was sufficient to raise this volume to four

hundred and eighty-nine cubic centimeters, an increase of thirty-one

cubic centimeters or 6.8 per cent for the day. Contrary to the condition

seen to obtain in previous experiments, the diuretic influence ceased at

this point and the remaining days of the experiment each showed a sub-

normal urinary volume. Therefore, when we compute upon the basis of

the six days following the one-hour period of anesthesia, we find that the

ultimate influence of the ether upon the flow of urine was to cause a

decrease of two hundred and fifty-two cubic centimeters or 9.1 per cent

for the entire period.

The body weight of the animal at the time of the administration of the

ether was 10.04 kg. and was falling approximately at the rate of .04 kg.

per day. The one hour of anesthesia caused a further decrease in body

weight to 9.86 kg., which represents an actual loss of .18 kg. Correct-

ing for the normal daily loss at the time the anesthetic was administered

it is found that the loss in weight actually due to the effect of the ether

was .14 kg. or 1.4 per cent. The loss in body weight was also well

marked upon the next day after narcosis, the actual loss for the two

days due to the influence of the anesthesia being .19 kg. or 1.8 per cent.

From this point through to the end of the final period of the experiment

the animal suffered a gradual, although very slight, daily loss in body

weight. The weight upon the last day of the experiment was 9.70 kg.,

the animal having lost one per cent in body weight during the experiment.
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The specific gravity , data show the customary features, which consist

principally of a high specific gravity for the fractions of urine first voided

after anesthesia. In this instance the first urine fraction after narcosis

possessed a specific gravity of 1030 and the second fraction possessed the

slightly higher specific gravity of 1034. From this point the specific

gravities were approximately the same for the remainder of the experi-

ment as those noted for the urine passed during the preliminary period.

In common with the data from Experiment IV. the data for the reaction of

the urines of this experiment show them to have been uniformly acid.

6. Discussion of Experiment VI. : The dog which served as subject

in Experiment V. was likewise used in this experiment, the body weight of

the animal having fallen from 10.18 kg. to 9.70 kg. in the interim.

The daily gain of .18 gram of nitrogen shown by the nitrogen balance for

the preliminary period constituted the poorest balance obtained in a pre-

liminary period at any time during our investigation. At this point the

beast was placed under the influence of ether narcosis from 9.05 a m.

until 11.05 a.m., i.e. %
for a period of two hours. Nothing out of the ordi-

nary occurred in connection with the administration of the anesthetic

or the subsequent recovery from its influence. During the recovery the

dog tumbled somewhat violently about the cage, but was unable to stand

for about twenty minutes.

As is indicated in Table VIII., the average urine volume for the prelimi-

nary period of two days was four hundred and eleven cubic centimeters.

The diuretic effect of the ether was exhibited at once causing a volume of

four hundred and sixty-four cubic centimeters of urine to be voided

during the day the ether was administered. This volume represented

an increase of fifty-three cubic centimeters or 12.9 per cent over the

normal excretion. During the next four days the urine volumes were

alternately decreased and increased from the normal. Taking the entire

period after anesthesia into consideration it is seen that the average daily

volume was four hundred and twenty-seven cubic centimeters, an average

daily increase of sixteen cubic centimeters or 3.9 per cent.
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At the time the dog was placed under ether the body weight of the

animal was 9.70 kg. As usual the effect of the ether was to cause a loss

of body weight, the exact loss in this instance, after correcting for the

normal rate of loss as manifested during the preliminary period, being

.23 kg. The two hours of anesthesia was therefore instrumental in caus-

ing a 2.3 per cent loss in body weight. Upon the day after anesthesia

was induced we observe the unique phenomenon of a pronounced increase

in body weight, and further, during each day of the remaining period

the body weight was on a higher level than during the day of anesthesia.

Throughout the entire series of experiments this was the only instance of

an increase of weight after the anesthesia period. There was, of course,

no increase in weight above that possessed by the animal before he was

subjected to the influence of the anesthesia, the increase being computed

upon the weight as determined at the end of the first day of anesthesia.

The weight of the animal on the final day of the experiment was 9.51 kg.,

which represents a loss of 1.9 per cent in body weight after anesthesia.

As usual the fractions of urine first passed after the anesthesia period

were of high specific gravity. In this instance, instead of finding the

maximum specific gravity in connection with the urine fraction first voided

after anesthesia we observe that the specific gravity of that fraction was

1030 and that there was a gradual, progressive increase in the specific

gravity of the next three samples. These fractions possessed specific

gravities of 1031, 1033, and 1037 respectively. The usual specific gravities

obtain after the passage of these fractions until the end of the experiment.

The reaction of the urine changed from acid to amphoteric under the

influence of the anesthesia, but contrary to the general custom the ampho-

teric reaction did not accompany the first fraction after narcosis but was

noted in connection with the third and fourth fractions only.

7. Discussion of Experiment VII. : Ether narcosis was induced, in

this instance, upon the animal which had previously served as subject in

Experiment VI., the body weight of the beast having been reduced under

the influence of that experiment from 9.70 kg. to 9.51 kg. The data for

the excretion of nitrogen during the preliminary period showed a daily

loss of .04 gram at the time anesthesia was induced. Ether was admin-

istered on the morning of the third day of the experiment, the period of

anesthesia extending from 8.58 a.m. until 1.28 p.m., i.e., for a period of

four and one-half hours. Shortly after the commencement of anesthesia

the dog ceased breathing, but artificial respiration was successfully

employed and the subsequent anesthesia was uneventful. A stuporous

inactive condition followed the narcosis and remained in evidence through-

out the entire day, the beast apparently sleeping a portion of the time.

His food was eaten with his customary eagerness at feeding time,

nevertheless.
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An examination of the data for the urine volume as given in Table IX.

shows the average daily urine output for the preliminary period to have

been four hundred and nineteen cubic centimeters. Furthermore it will

be noted, in this same connection, that the effect of anesthesia induced

continuously for a period of four and one-half hours was to cause an

immediate and pronounced diuresis which increased the output of urine

for the day to five hundred and twenty-three cubic centimeters, an increase

of one hundred and four cubic centimeters or 24.8 per cent. This was

the most pronounced diuresis observed at any time in any of our experi-

ments. In common with the data as tabulated for Experiments V. and

VI. (see Tables VII. and VIII.), the urine volume for the day following the

anesthesia was sub-normal. In this instance the decrease below the

normal was fifty-eight cubic centimeters or fourteen per cent. However,

this sub-normality was simply temporary and was followed by three days

during each of which the daily excretion was above normal. The volume

for the entire period of seven days after the administration of the ether

was four hundred and thirty-two cubic centimeters, an average daily

increase of thirteen cubic centimeters or 3.1 per cent.

At the time the dog was placed under the influence of ether the body

weight of the animal was 9.51 kg. The effect of the four and one-half

hours of anesthesia was marked by an immediate loss of .22 kg. or 2.3

per cent in body weight. Correcting for the loss of .02 kg. per day

noted during the preliminary period the actual loss due to the influence of

narcosis was .20 kg. or 2.1 per cent. This large loss was followed by a

period of four days during each of which the weight was increased some-

what above that observed on the day of anesthesia, after which the weight

of the animal sank until the end of the experiment. The final weight of

the dog was 9 23 kg., showing the corrected total loss in weight to have

been .14 kg. or 1.4 per cent. It is interesting to observe that this loss

was only slightly greater than that observed as occurring under the

influence of anesthesia for a period of one hour (Experiment V.).

The first urine fraction passed after anesthesia possessed a specific

gravity of 1037, and, contrary to custom, was followed by a fraction pos-

sessing a specific gravity of only 1018. The third, fourth, and fifth

fractions for the day, however, possessed specific gravities of 1036, 1032,

and 1039 respectively. In this instance the highest specific gravity was

possessed by the fifth fraction instead of by the first fraction as was usually

the rule in our experiments. The remaining fractions, with the exception

of the last fraction of the fourth day, possessed specific gravities ranging

from 1015 to 1019. The urines following narcosis again exhibited a

tendency to assume an amphoteric reaction, but this reaction was not

observed until the second fraction was passed and continued present in

the third, fourth, and fifth fractions. In each of these amphoteric urines

the alkaline reaction predominated.
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8. Discussion of Experiment VIII.: The subject of this experiment

was the animal previously used in Experiment VII., the body weight

having been reduced from 9.51 kg. to 9.23 kg. The nitrogen balance

for the preliminary period showed an average daily gain of .16 gram.

Ether narcosis was then induced for a period of one hour upon the fourth

day of the experiment, the anesthesia beginning at 9.55 a.m. and ending

at 10.55 A M - The beast appeared somewhat stuporous throughout the

day upon which the ether was administered and was observed to be in a

deep sleep a portion of the afternoon.

Urine was voided during the preliminary period at the average rate of

four hundred and sixteen cubic centimeters per day, as may be seen from

an examination of Table X. This daily average was increased through

the influence of the one hour of anesthesia on the fourth day of the experi-

ment to five hundred and three cubic centimeters, an increase of eighty-

seven cubic centimeters or 20.9 per cent (see Table III.). The course of

the daily volume of urine for days four to nine of this experiment was

similar to that observed for the urine voided during the portion of Experi-

ment VI. following anesthesia, i.e., for several consecutive days the daily

volumes were alternately above and below the normal. Compared accord-

ing to the length of the anesthesia period we note that the increase in the

urine volume upon the day of anesthesia was nearly three times as great as

it was in Experiment V. where this same animal was first placed under

the influence of the ether for one hour. The cumulative effect of the

narcosis is also very strikingly shown by a comparison of the average

daily urine volumes for Experiments V. and VIII. for that portion of each

experiment which follows the day upon which anesthesia was induced.

In the experiment under consideration (VIII.) the average daily volume

for days four to seventeen was four hundred and forty-four cubic centi-

meters, an increase of twenty-eight cubic centimeters or 6.7 per cent above

the normal per day, whereas when we calculate the data for Experiment V.

for the analogous period we find that the urine volume was sub-normal to

the extent of forty-two cubic centimeters or 9.1 percent per day. Thus

we have sharply defined opposing conditions resulting from subjecting

the same animal to ether anesthesia for periods of equal length. The

conditions under which the anesthesia was induced were the same in the

two cases, except that in Experiment V. the animal was experiencing

narcosis for the first time, whereas in Experiment VIII. he was experi-

encing narcosis for the same length of time as during Experiment V., but

since that time he had been subjected to two other experiments covering

a period of sixteen days, during which time he had been under the influ-

ence of the anesthetic for a total of six and one-half hours.

The influence of the anesthesia upon the body weight of the animal was

different in this experiment than in the previous experiments upon the

same animal in that the percentage loss in this case was rather less than

those previously determined. On the day of anesthesia the weight of the

dog was 9.23 kg., the beast having lost about .03 kg. per day throughout
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the preliminary period. Making the correction for this regular loss in

weight we find that the one hour of anesthesia on the fourth day of the

experiment caused a loss of .10 kg. or 1.1 per cent in body weight. The

next day the weight of the animal increased .05 kg., the increase probably

being dependent upon the sub-normal urine output for the day. A more

rapid loss of body weight than was observed in any other experiment now
began and continued until the experiment closed. The final weight of

the animal was 8.43 kg., indicating an actual loss of .29 kg. or 3.1 per

cent during the period of fourteen days.

The first and second urine fractions passed after anesthesia possessed

the customary high specific gravity (1039). The remaining samples of

urine throughout the experiment possessed specific gravities ranging from

1017 to 1021 ,
inclusive. Conditions in this experiment agree with those

in Experiment VII. in showing an amphoteric reaction (alkalinity pre-

dominating) for the second fraction of urine voided after anesthesia, but

differ from the conditions in Experiment VII. in that fractions three, four,

and five were acid in reaction.

9. Discussion of Experiment IX. : This experiment was made upon a

spotted bitch which weighed 7 kg. at the time the anesthetic was admin-

istered. Nitrogen equilibrium was established with this animal only after

a preliminary feeding through a period of over two weeks, in which interval

her ration was twice altered. The nitrogen balance for the six days

immediately preceding the day upon which anesthesia was induced showed

an average daily gain of .10 gram. At 12.15 p.m. upon the fifth day of

the experiment the dog was placed under the influence of ether, the

narcosis being continued for one hour. The individuality of the animal

was again clearly emphasized when she proved to be the most difficult of

any of our subjects to anesthetize. She also salivated far more copiously

than the other dogs experimented upon.

The average daily output of urine during the preliminary period was

three hundred and eighty-five cubic centimeters. There was a more pro-

nounced diuresis in this experiment than in any of those previously

described. Take for instance the day upon which the anesthetic was

administered. During the day four hundred and seventy-nine cubic centi-

meters of urine was voided, this volume being an increase of ninety-four

cubic centimeters or 24 4 per cent above normal. The urine volume con-

tinued quite uniformly high throughout the remainder of the experiment,

the average daily volume for the entire period being four hundred and

fifty-six cubic centimeters. This represents an average daily increase of

seventy-one cubic centimeters or 18.4 per cent.

As a result of our inability to so regulate the diet of the animal as to

bring her into a condition of nitrogen equilibrium in a reasonable length

of time, the body weight of the animal underwent very rapid and pro-

nounced alterations during the period of feeding preceding the prelimi-

nary period. Evidence of such variations may be observed in the data for

the early days of the preliminary period as given in Table XI.
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However, at the time the animal was placed under ether she weighed

7 kg. and was losing only about .03 kg. per day. The one-hour

period of narcosis caused a decrease in weight to 6.76 kg. upon the day

of the administration of the anesthetic This represented a loss for the

day amounting to .24 kg. and correcting for the daily loss observed dur-

ing the final days of the preliminary period it was found that the actual

loss in body weight for the day of anesthesia was .21 kg. or three per

cent. Following this initial loss there was a surprisingly large gain (.13

kg.) upon the second day after anesthesia. From this point until the

close of the experiment, however, the body weight gradually fell, the final

weight being 6.44 kg., thus showing this dog to have undergone an actual

loss in body weight aggregating 3.7 per cent.

The urine fractions possessing the highest specific gravity were those

first voided after anesthesia, the second fraction having the second highest

specific gravity observed during the entire series of experiments. The

specific gravity of this fraction was 1040, while those fractions voided

immediately before and after this fraction possessed the somewhat lower

specific gravities of 1024 and 1031 respectively. The other specific

gravities of the experiment, with the exception of that for the urine of the

ninth day, ranged from 1018 to 1021.

The first and second fractions of urine passed after anesthesia were

amphoteric in reaction, alkalinity predominating
;

all other urines were

acid in reaction.

IV. General discussion of the results of the nine

EXPERIMENTS. — i. Diuretic influence of the ether: In

Table III. will be found summarized the data from the whole

series of experiments regarding the influence of the ether

anesthesia upon the average daily urine volume. In that

table are expressed for each experiment the initial effect of

the ether, i.e ., the influence exerted during the twenty-four to

forty-eight hours immediately following the anesthesia, and

the ultimate effect, i.e., the influence exerted for the entire

period from the time of anesthesia until the experiment

closed. In addition to this we have expressed the absolute

increase or decrease in the volume of urine excreted for the

entire experimental period following anesthesia above that

noted during the preliminary period. In Experiment I.

it will be noted that the initial influence of ether anesthesia

for a period of one hour was to cause an average daily

increase of fifty-five cubic centimeters or 22.6 per cent in

the volume of urine for a period of two days. From this
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point the diuretic effect was considerably lessened, but re-

mained persistent until the end of the experiment, the aver-

age daily increase for The entire period after anesthesia

being twenty-six cubic centimeters or 10.7 per cent, and

representing an absolute increase of one hundred and fifty-

six cubic centimeters of urine for the period of six days. In

Experiment II., although the subject was the same animal as

was used in Experiment I. and anesthesia was induced twice

as long (two hours) as in the first experiment, the initial

influence of the ether as measured by the average urine

volume for the two days subsequent to the anesthetization

was considerably less than after the one hour of anesthesia.

The actual average daily increase was forty-two cubic centi-

meters or 17.7 per cent, which was thirteen cubic centimeters

or 4.9 per cent less than the increase noted in Experiment I.

If we consider the influence which the anesthesia exerted

throughout the entire experimental period after the animal

was placed under ether, however, it is observed that the

ultimate average daily increase in the volume of urine was

forty-nine cubic centimeters or 20.7 per cent, and that the

absolute increase in the urine output for the seven days was

three hundred and forty-three cubic centimeters. It appears,

therefore, with this animal that the immediate diuretic effect

of one hour of anesthesia was more pronounced than a period

of anesthesia which was one hundred per cent longer but which

was induced six days subsequently. On the other hand, if we

compare the ultimate diuretic influence which the anesthesia

exerted it is observed that the diuresis was persistent in each

case but that the diuresis following the two hours of anesthesia

was more pronounced in the final days of the experiment than

in the period of forty-eight hours immediately subsequent to

the induction of the narcosis. Therefore, after the initial

effect of anesthesia for one hour the diuresis was decreasing

but persistent, whereas in the case of two hours anesthesia

there was an increasing diuresis. The parallelism existing

between the course of the nitrogen excretion and the urine

volume in Experiments I. and II. was quite regular, in each

instance the initial average daily increase being greater after
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one-hour anesthesia, whereas the ultimate average daily

increase was greater after anesthesia for a period of two

hours.

The data from Experiment III. are not strictly com-
parable with those for Experiments I. and II., inasmuch as

in Experiment III. the dog was placed under ether on each

of three successive days no attempt being made to secure a

condition of nitrogen equilibrium between the anesthesia

periods. The influence of the one hour of anesthesia in

Experiment III. is comparable with the influence of the one

hour of anesthesia as noted in Experiment I., however, since

the animal was in nitrogen equilibrium in each case. It is

interesting to observe the similarity in the initial effect as

registered in each instance
;
the influence being calculated

for a single day in Experiment III. Comparing these two

experiments from this standpoint we observe that the initial

influence of one hour of anesthesia in Experiment I. was an

average daily increase of fifty-five cubic centimeters or 22.6

per cent in the urine volume, whereas the initial average

daily increase in Experiment III. was fifty-six cubic centi-

meters or 20.1 per cent, a variation of only one cubic centi-

meter. Considering the initial effect of the three anesthesia

periods (six hours) as that observed on the three days of

anesthesia, it is found that the initial average daily increase

in the volume of urine was forty-three cubic centimeters or

15.4 per cent. Inasmuch as there was a pronounced, per-

sistent, increasing diuresis of 20.7 per cent after the two

hours of anesthesia in Experiment II., we might perhaps

expect a more pronounced diuresis to follow a six-hour

anesthesia period. Such a deduction is not substantiated by

the data, however, since the six hours of anesthesia of

Experiment III. registered an ultimate average daily increase

in the urine volume of twenty-five cubic centimeters or 8.9

per cent as compared with an average daily increase of forty-

nine cubic centimeters or 20.7 per cent after the two hours

anesthesia. The ultimate average daily increase in the urine

volume after the six hours anesthesia was even slightly* less

(one cubic centimeter) than that following the one hour of
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anesthesia in Experiment I. By a comparison of the. data

from Experiments I., II., and III., in which the same dog was

used as subject, we might infer that the first time an animal

is subjected to ether anesthesia the immediate diuretic effect

of the anesthetic is more pronounced than that which follows

subsequent anesthesia even when the anesthesia is induced

from two to six times as long as at the first narcosis. Further,

our datafrom these three experiments indicate that a second

anesthetization of an animal brought to a condition of nitro-

gen equilibrium after the first anesthesia produces a much
less pronounced diuresis during the period immediately fol-

lowing anesthesia, but that the diuretic effect increases from

this point causing the diuresis to be much more pronounced

from the third to the seventh day after the anesthesia than it

was in the first forty-eight hours after the animal was anesthe-

tized. With this animal the maximum diuretic effect was

probably secured after the second anesthesia, inasmuch as a

subsequent anesthesia for six hours, although productive of a

persistent diuresis, did not succeed in bringing about such a

pronounced ultimate diuretic effect as that noted after the

second period of anesthesia. The contention that the

maximum diuresis was produced by the second anesthesia

is borne out by the fact that the diuresis yielded an increase

in the urine volume aggregating three hundred and forty-

three cubic centimeters during a seven-day period after the

second anesthesia, and an increase of three hundred and fifty

cubic centimeters during a period twice as long (fourteen

days) after the third anesthesia.

In Experiment IV. the influence of one-half hour of

anesthesia upon Dog No. 2 was noted. The same tendency

toward diuresis was observed as has already been noted in

the experiments previously discussed. In this instance, as

might be expected from the length of time the animal was

under the influence of the anesthetic, the initial average daily

• increase in the urine volume was only seventeen cubic centi-

meters or 5.7 per cent, an increase less than one-third as

great as that observed after the one hour of anesthesia in

s the case of Dog No. 1. The diuresis was more uniform
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throughout the experiment in this case, however, than in

any other experiment during the investigation as is shown

by the fact that the ultimate average daily increase in the

volume of urine was sixteen cubic centimeters or 5.4 per

cent, an average daily increase only one cubic centimeter

less than that noted during the first forty-eight hours follow-

ing anesthesia. A total of eighty cubic centimeters above

the normal urine volume was excreted in a period of five

days.

In Experiment V., Dog No. 3 was subjected to his first

anesthesia which continued for one hour. The initial effect

of the administration of the anesthetic was confined to the

day of anesthesia, the urine volumes for the next two days

being decidedly sub-normal. The initial diuresis consisted

. of an increase of thirty-one cubic centimeters or 6.8 per cent

in the urine volume for the day of anesthesia. This was the

minimum initial increase in the urine volume following a one-

hour period of anesthesia. The ultimate effect of the

anesthesia was different in this experiment from that observed

at any other time during the investigation. Starting out

with the initial increase noted above, the average daily volume

of urine became sub-normal on the following day and Con-

tinued to decrease further from the normal until the last day

of the experiment. The ultimate average daily decrease in

the urine volume for the whole period of the experiment

after the administration of the anesthetic was forty-two cubic

centimeters or 9.1 per cent, while the total volume of urine

excreted during the six-day period was two hundred and

fifty-two cubic centimeters less than normal. This final

result is directly opposed to the results obtained in our

other experiments. It is especially interesting to compare

this result with the ultimate effect of the one hour of

anesthesia in Experiment I. In each instance all the factors

which were open to control were made uniform, i.e ., both

dogs were at nitrogen equilibrium at the time of anesthesia,

were fed a uniform diet and subjected to anesthesia for the

same length of time. Under these conditions the ultimate

effect on Dog No. 1 was an ultimate average daily increase
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in the volume of urine amounting to twenty-six cubic centi-

meters or 10.7 per cent, whereas the ultimate effect on Dog
No. 3 was an average daily decrease of forty-two cubic

centimeters or 9.1 per cent. These data lend color to the

belief that the influence of ether anesthesia is more or less

influenced by the individuality of the organism, and that

the subjection of two animals to ether anesthesia for similar

periods may result in one case in a persistent diuresis and in

the other in an average daily volume of urine which is sub-

normal.

Dog No. 3 was again subjected to the influence of ether

in Experiment VI., on this occasion the length of anesthesia

being two hours. As was the case after one hour of

anesthesia, as set forth in Experiment V., the initial influ-

ence of the ether was confined to the day of anesthesia, the

volume of urine being increased fifty-three cubic centimeters

or 12.9 per cent for the day. The course of the diuresis

was different in this experiment from that observed in

Experiment V., inasmuch as after two hours anesthesia the

diuresis persisted until the end of the experiment, showing

an ultimate average daily increase of sixteen cubic centi-

meters or 3.9 per cent in the output of urine. As we have

already seen, the ultimate effect of one hour of anesthesia

with this same animal was to cause an average daily decrease

of forty-two cubic centimeters or 9.1 per cent in the volume

of urine. The absolute increase in the volume of urine for

the five days after anesthesia was the same in this instance

(eighty cubic centimeters) as after one-half-hour anesthesia

(Experiment IV.). In Experiment VI. the course of the

nitrogen excretion was similar to that of the urine volume

since the initial average daily excretion of nitrogen was con-

siderably higher after the two hours of anesthesia (.85 gram

or 13.
1
per cent) than after the one-hour period of anesthesia

(.56 gram or 8.5 per cent) in Experiment V., and further a

parallelism is noted in the fact that the ultimate effect of the

one hour of anesthesia was an average daily decrease in both

the nitrogen and urine output, whereas the ultimate effect of

the two hours of anesthesia was an average daily increase in
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the nitrogen output. In the case of both the nitrogen out-

put and the urine volume we further, observe that the

decrease after one hour of anesthesia was greater than the

increase after the period* of anesthesia extending over two

hours.

The influence of four and one-half hours of anesthesia

on Dog No. 3 is shown in Experiment VII. As was the

case when this animal was placed under ether for periods of

one and two hours (Experiments V. and VI.) the initial

influence of the anesthetic was limited to the day of anesthesia,

the urine volume for the day following being sub-normal.

An increase of one hundred and four cubic centimeters or

24.8 per cent was noted on the day of anesthesia, this being

the maximum initial diuresis observed during the course of

the investigation. Although the immediate effect of the

ether upon the urine output was more pronounced after four

and one-half hours anesthesia than after anesthesia for

periods of one and two hours with this same animal, yet the

diuretic effect was somewhat less in the closing period of

the experiment than was observed after two hours anesthe-

sia, the ultimate average daily increase in the urine volume

being thirteen cubic centimeters or 3.1 per cent after four and

one-half hours anesthesia and sixteen cubic centimeters or

3.9 per cent after two hours of anesthesia. The uniformity

with which the initial influence of anesthesia increases with

the length of time during which the animal was under the

influence of the anesthetic is very clearly shown by a com-

parison of the data from Experiments V., VI., and VII.

Here we have the same animal (Dog No. 3) subjected to

periods of anesthesia one, two, and four and one-half hours

in length and secure, as the initial effect upon the urine

volume, increases of thirty-one cubic centimeters or 6.8 per

cent, fifty-three cubic centimeters or 12.9 per cent, and one

hundred and four cubic centimeters or 24.8 per cent respec-

tively. The initial diuresis was therefore roughly propor-

tional to the length of the anesthesia period.

The most pronounced variation in the effect of the first

anesthetization of an animal as compared with the effect of
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anesthesia for a similar period subsequently is noted in con-

nection with the tests on Dog No. 3. In Experiment V.

this animal was subjected to one-hour anesthesia as a result

of which an initial diuresis was observed on the day of anes-

thesia which increased the urine volume for the day thirty-

one cubic centimeters or 6.8 per cent, whereas the ultimate

effect of the anesthesia was an average daily decrease of

forty-two cubic centimeters or 9.1 per cent in the output

of urine for the final period of the experiment. Later in

Experiment VIII., after this animal had meanwhile been sub-

jected to anesthesia for periods of two and four and one-half

hours, we observe the effect of one-hour anesthesia to be an

initial average daily increase in the urine volume of eighty-

seven cubic centimeters or 20.9 per cept upon the day of

anesthesia and an ultimate average daily increase of twenty-

eight cubic centimeters or 6.7 per cent in the output of urine

for the entire final period. Now in each instance where the

anesthesia was induced for one hour the animal was at nitro-

gen equilibrium, and the main point in which the conditions

differed under which the anesthetic was administered on the

two occasions was the fact that in Experiment V. the animal

experienced anesthesia for the first time, whereas in Experi-

ment VIII. anesthesia was induced for the fourth time on

this same animal. This increase of approximately three

hundred per cent in the initial influence of one-hour anes-

thesia between the first and fourth administrations of the

ether is very noteworthy.

In Experiment IX., Dog No. 5 was subjected to a single

one-hour period of anesthesia. The effect of the ether was

much more pronounced with this subject than was noted in

the case of the others, as is shown by an initial diuresis suf-

ficient to increase the urine volume ninety-four cubic centi-

meters or 24.4 per cent on the day of anesthesia, and further

by a very pronounced persistent diuresis vyhich caused the

ultimate average daily output of urine for the final period of

the experiment to be increased seventy-one cubic centi-

meters or 18.4 per cent above normal. This diuretic effect

was sufficient to cause an excess output of seven hundred
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and ten cubic centimeters of urine in the course of ten days.

A further indication that the extent of the initial diuresis

following ether anesthesia is dependent upon the individu-

ality of the subject is shown by a comparison of the initial

increase noted in each of Experiments I., V., and IX. In

each of these cases anesthesia was induced for a period of

one hour, but each time upon a different subject, the initial

average daily increase in the volume of urine for the three

experiments named being fifty-five cubic centimeters or

22.6 per cent, thirty-one cubic centimeters or 6.8 per cent,

and ninety-four cubic centimeters or 24.4 per cent.

An examination of the tabulated data for the different

experiments will show that there were intervals of varying

lengths between the termination of the anesthetic state and

the voiding of the first fraction of urine. We have studied

this temporary suppression of the urine flow under ether nar-

cosis by means of experiments in which cannulas were

inserted into the ureters of dogs and the rate of urine flow

noted under anesthesia periods of varying lengths. This

feature will therefore be fully discussed in a future paper.

2. Influence of the anesthesia upon the body weight of

the animal: The data from the series of experiments indi-

cate that anesthesia was followed in each instance by a loss

of body weight. The extent of the loss in weight was, for

the most part, rather independent of the length of anesthesia,

although there are certain indications of a uniformity in the

loss in body weight under like conditions. For instance, the

losses in weight in four out of the five instances where

the length of anesthesia was one hour were 2.8 per cent, 2.8

per cent, 3.1 per cent, and 3.7 per cent respectively, and

furthermore the total loss of weight in Experiment III., where

the length of anesthesia aggregated six hours, was 6.5 per

cent at the end of the third day and 10.2 per cent for the

whole period of fourteen days. This last observation indi-

cates that the loss in body weight varied with the length of

the anesthesia period. In nearly every instance the loss in

body weight upon the day of anesthesia was greater than

the ultimate loss in body weight calculated for the whole



DIURESIS FOLLOWING ETHER NARCOSIS. 245

period after anesthesia. In other words, in many cases the

administration of the anesthetic caused a considerable loss

of body weight upon the day of anesthesia, and this loss

was apparently further increased in the succeeding days.

However, when the data were corrected for the normal daily

loss as observed during the preliminary period, it was found

in some instances that the total loss in body weight was less

than the initial loss, thus indicating that the body had

recovered during the final days of the experiment a portion

of the body weight lost upon the day the anesthetic was

administered.

3. Specific gravity of the urine as influenced by ether

narcosis: In every instance the administration of ether

caused a pronounced rise in the specific gravity of the urine.

Data on this point was secured by determining the specific

gravity of the fractions of urine first voided after anesthesia.

The specific gravity of the urine during the preliminary

period was generally 1015-1019, whereas under the influence

of the ether this specific gravity was generally increased to

1026-1042 in the fractions of urine first voided. This frac-

tion was ordinarily not voided for several hours after the

administration of the anesthetic.

4. Reaction of the urine before and after the administra-

tion of ether: The urine was acid in reaction throughout

the preliminary period of each experiment. Under the

influence of anesthesia this normal acid reaction was changed

to amphoteric in seven of the nine experiments. This

change was but transitory since the amphoteric reaction

was never obtained in more than four fractions of urine

and was never obtained longer than twenty-four hours

after anesthesia. In the seven experiments where the

anesthesia was productive of an amphoteric reaction this

reaction was present in four instances in the urine fraction

first voided after anesthesia. Of the remaining three cases

the amphoteric reaction was noted in the second fraction of

urine on two occasions and in the third fraction of the

remaining experiment. The observation of an amphoteric

reaction in the urines of Dog. No. 1 for the fifteenth and
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sixteenth days of Experiment III. apparently has no direct

relation to the anesthesia. The change from an acid to an

alkaline reaction under the influence of ether anesthesia as

frequently observed by Baldwin 16
in observations made upon

clinical cases was not noted in the case of our dogs, although

in practically every instance of an amphoteric reaction the

alkalinity was the predominant feature of the reaction. The

strengthening of the acid reaction of the urine following

ether anesthesia which this same investigator observed in the

clinical cases mentioned was not noted in our experiments.

V. CONCLUSIONS.

1. Ether narcosis induced for periods varying in length

from thirty minutes to four and one-half hours was followed

in every instance by an initial diuresis, the extent of the

diuresis being proportional, in some instances, to the length

of the anesthesia period. This point is well illustrated by

the initial diuresis of 5.7 per cent, 6.8 per cent, 12.9 per cent,

and 24.8 per cent which followed ether anesthesia periods of

one-half, one, two, and four and one-half hours respectively.

2. The diuretic effect of the ether was persistent in every

experiment except one, the ultimate average daily percentage

increase in the urine volume ranging from 3.1 per cent to

20.7 per cent.

3. The cumulative diuretic effect of ether anesthesia was

clearly demonstrated by an ultimate average daily percentage

decrease of 9.1 per cent following the first administration of

ether to a subject as contrasted with an ultimate average

daily increase of 6.7 per cent which followed the fourth

administration *of the anesthetic to the same animal for a

period of the same length.

4. Ether anesthesia invariably caused the animal to lose

weight upon the day of the narcosis. Initial losses of this

character ranging from 1.1 per cent to 3 per cent were

observed. Anesthesia induced upon each of three succes-

sive days was productive of a loss of body weight which

aggregated 6.5 per cent upon the day of the final anesthe-

tization.
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5. The fractions of urine first voided after ether anes-

thesia possessed specific gravities ranging from 1024 to 1042,

whereas the specific gravity of the urine under normal con-

ditions generally varied from 1015 to 1019.

6. Ether narcosis was generally followed by the appear-

ance of an amphoteric reaction in the fraction of urine first

voided after anesthesia, but frequently such reaction could

not be demonstrated earlier than the passage of the second

or third fraction after narcosis. In two experiments, upon

different subjects, the urine was uniformly acid in reaction

both before and after the administration of the anesthetic.
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